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INTRODUCTION 
Modern technology requires, in many instances, methods to 
provide the human operator with a variety of essential infor­
mation. One frequently used method is the visual display. 
Such displays range from simple indicators to those of such 
complexity that the operator is frequently confronted with 
the task of visual search. He is required to scan the display 
to detect the presence or location of particular symbols or 
other encoded information. Since the time needed to perform 
the search task is often a critical factor, considerable ef­
fort has been devoted to devising methods to reduce search 
time. The most frequent solution has been to change the 
quality of the display. Improving the legibility of the 
symbols or making additional distinctions among symbols by 
using different colors or sizes are common examples of this 
approach. An alternative method, which has received little 
attention, is to increase the visual capability of the operator. 
It is the purpose of this study to investigate this alternative. 
Specifically, this study is concerned with the extent to which 
visual search performance may be improved by means of peripheral 
vision training of the operator. 
A fundamental assumption in much of the research on 
visual search is that each fixation is selected on the basis 
of peripheral stimulation. In an extensive study of the search 
2 
behavior of photo interpreters, Enoch (1960) states that 
many factors tend to support this assumption. When recordings 
of eye movements are studied, it is found that a large per­
centage of eye fixations fall upon objects which would be 
expected to be strong peripheral stimuli on the basis of their 
size, contrast, and other characteristics. Furthermore, in 
studies involving degradation of the search fields due to low 
contrast or blur, the characteristics of the individual eye 
fixations change markedly. When degradation is introduced, 
it is found that the time required to locate an object in­
creases significantly, duration of fixations increase, and 
interfixation distances decrease. These changes are 
interpreted as reflecting the inferior quality of the infor­
mation available in the peripheral retina under degraded 
conditions. Boynton, Elworth, and Palmer (1958) also found 
a relationship between the distance separating fixations and 
search performance. The subject with the best search per­
formance averaged 2.31 degrees between fixations while the 
subject with the poorest search performance averaged 1.55 
degrees. This finding may be interpreted as supporting the 
idea that search performance is related to the amount of 
available peripheral information. 
A model of the visual search process which is based upon 
the notion of peripheral stimulation is presented by Williams 
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(1966a). For the purposes of the present study, the process 
of selecting the next fixation point is of primary interest. 
The basic assumption is that this selection is based on what 
the observer can discriminate in peripheral vision. At the 
time the next fixation point is selected, the observer is 
looking at some point in the search field. Objects which are 
at or near this point can be seen distinctly while those ob­
jects more distant from the fixation point are perceived 
with diminished clarity. Ideally, the next fixation point 
is selected at or near an object which is highly similar to 
the target. Williams suggests that two, or at most three, 
target characteristics are used to select fixation objects 
in peripheral vision. Williams (1966b) has shown that an 
observer tends to fixate objects which are similar to the 
target on such dimensions as color, shape, or size. 
William's model of the search process suggests a direct 
relationship between search performance and amount of useful 
information in the visual periphery. Research, to be cited 
later, has shown that search performance is positively 
correlated with peripheral visual acuity. Other research to be 
cited has demonstrated that peripheral acuity can be improved 
significantly through training. Together these two lines of 
research suggest that if the amount of useful information 
obtained from the periphery can be increased through training, 
then visual search performance should improve. Specifically 
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an increase in useful peripheral information should result in 
a reduction in search time. 
The distinction between peripheral and foveal stimulation 
is largely arbitrary. Those stimuli which fall at or near the 
center of the retina are typically referred to as central or 
foveal stimuli while those further from the center are 
referred to as peripheral stimuli. The retina is usually 
described as consisting of two main regions: the central and 
the peripheral areas. The central area is approximately five 
to six millimeters in diameter and the periphery makes up 
the remainder of the retina (Le Grand, 1968). Both the central 
area and the periphery can be further subdivided into several 
roughly circular and concentrically arranged regions. The 
central region consists of the central fovea, parafoveal, and 
perifoveal regions, while the periphery is made up of the 
near periphery, middle periphery, far periphery, and extreme 
periphery. Polyak (1941) comments that even from a structural 
point of view the boundaries between the various regions are 
more or less arbitrary. Thus, while it is convenient to 
designate stimuli as either central or peripheral, the 
distinction is to some extent a matter of choice. 
Visual acuity refers to the ability to discriminate the 
fine details of objects in the visual field. It is defined by 
Pirenne (1962) as "the reciprocal of the angle, in minutes of 
arc, subtended by the smallest detail which can be seen under 
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given conditions." Good visual acuity implies that fine de­
tails can be discriminated while poor visual acuity implies 
that only gross features can be seen. There are, in fact, a 
number of different kinds of visual acuity. Different acuity 
values are obtained when different methods are used to measure 
acuity. 
The central fovea is the region of greatest visual 
acuity. It is also the region where the density of the cone 
receptors is greatest (Polyak, 1957). Of even greater im­
portance is the fact that it is only in this area that the 
ratio of optic nerve fibers to cone receptors reaches unity. 
This one-to-one relationship provides an apparent physiological 
basis for a degree of visual discrimination that does not exist 
in the periphery where the ratio of receptors to optic nerve 
fibers is much higher (Riggs, 1965). 
The relationship between acuity and the lateral displace­
ment of the test object from the center of the retina has 
been studied extensively. Maximum acuity occurs at the very 
center of the retina. As the distance from the center in­
creases, acuity decreases rapidly at first and then more 
slowly toward the periphery. Wertheim's classic data cited 
by Kendler (1968), shows that under photopic or daylight 
conditions there is a rapid decrease in relative visual acuity 
from 1.00 at the fovea to 0.4 6 at five degrees, and then a 
slower decrease to 0.20 at ten degrees. Ludvigh (1941) 
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investigated visual acuity from the center of the retina out to 
ten degrees in the periphery. All measurements were made on the 
horizontal meridian. His data are in general agreement with 
those of Wertheim. At five degrees from the center of the 
retina, only 26% of the central acuity remains. At ten 
degrees only 15% remains. Mandelbaum and Sloan (1947), while 
using only one illumination level that reached the photopic 
range, found that for this level the shape of the visual acuity 
curve was quite similar to previously recorded measurements of 
peripheral acuity. Weymouth, Hines, Acres, Raaf, and Wheeler 
(1928), studying only the central fovea, also concluded 
that acuity decreases immediately and continuously from the 
point of fixation. 
In so far as the gradient of cone density and the visual 
acuity curve decrease in a somewhat similar manner (Ludvigh, 
1941; Polyak, 1941), it has been suggested that cone density 
may play an important role in limiting visual acuity (Riggs, 
1965). The importance of the ratio of optic nerve fibers to 
receptors in determining acuity has already been mentioned. 
Leibowitz, Johnson, and Isabelle (1972) have demonstrated that 
large refractive errors are present in the peripheral visual 
fields. In addition, such factors as variations in the thick­
ness of the retinal cell layers and the reduced efficiency of 
light which enters near the edge of the pupil also influences 
the shape of the visual acuity gradient. 
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It is commonly assumed that the peripheral retina is 
capable of processing only relatively crude types of infor­
mation such as brightness, motion, or location. Gibson 
(1966) expresses this opinion. The relatively poor acuity of 
the periphery may be partly responsible for this view. Re­
search exists, however, which indicates that the potential for 
stimulus processing in the periphery may be much greater than 
is commonly assumed. An early study by Dobrowolsky and Gaine, 
which Gibson (1953) cites, demonstrated this. They found that 
peripheral visual acuity increased with daily practice sessions 
over an interval of six weeks. 
The first in a series of studies in which peripheral 
visual acuity was investigated is reported by Low (1943a). 
In this study he undertook the development of a test for 
peripheral acuity and the task of obtaining acuity data on a 
large number of subjects. The peripheral acuity test con­
sisted of a measure of simple form acuity on a number of 
points in the peripheral retina. One hundred subjects were, 
required to identify the position of the opening in a series 
of Landolt rings which decreased progressively in size. The 
width of the opening ranged from 0.5 mm. to 10 mm. The rings 
were presented at a distance of 25 cm. from the subjects' eyes. 
Nine points in the temporal periphery of each eye were tested 
at angles of from 30 to 90 degrees from the center of the 
retina. The testing was conducted under photopic illumina-
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tion with unrestricted viewing time. Low found that the 
relative visual acuity of the points tested was in general 
agreement with the acuity curves of Wertheim. Variation in 
peripheral acuity among subjects was great. The acuity of the 
best subject was about three and one half times better than 
the average and about eight and one half times that of the 
poorest subject. 
A second study in this series (Low, 1946a) used the 
same basic technique as described above but with several minor 
modifications. In this study the acuity of the peripheral 
retina was measured under conditions of scotopic or night 
illumination. Again, 100 subjects were used. 
The combined results of the above two studies, as well 
as information not included in these, is summarized by Low 
(1946b). He reports that the tendency for subjects' 
peripheral acuity to improve with practice was evident in 
both these studies. This improvement was apparent during 
the course of a single testing session in that the second 
eye tested always scored better on the average than the first 
regardless of whether it was the right or left eye. In the 
first study, which used an acuity test of 40 to 60 minutes 
duration, test-retest scores obtained on 20 subjects after an 
interval of two to three months showed a general improvement 
in acuity. The peripheral acuity of the best subject improved 
about 50%. Improvement was also found when a shorter version 
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of the test, taking less than 15 minutes, was used (Low, 
1943b). These changes were interpreted as improvements in 
peripheral acuity due to the practice afforded by the testing 
periods. 
In this same paper, Low (1946b) reports the results of 
other research concerning the training of peripheral acuity 
under photopic illumination. A description of the training 
procedure is not given other than that it involved the use of 
a perimeter. The peripheral acuity of 43 subjects was trained 
to a degree that was 334% of the score before training. This 
measurement was based on the size of the opening in the 
smallest Landolt ring which would be correctly identified. 
However, when the minimum retinal area stimulated was taken 
into account, trained subjects responded successfully to the 
stimulation of an area only one-eleventh the size required 
before training. Low interpreted this to mean that the average 
trained subject could be regarded as eleven times as efficient 
in responding to peripheral stimulation of minimum size as the 
average untrained subject. This large increase in acuity 
through practice led Low to conclude that the peripheral 
retina is a relatively unpracticed sensory area. He states 
that the capacity of the peripheral retina is not sufficiently 
taxed by the demands of everyday life to bring it to its 
highest efficiency. On the basis of this research. Low esti­
mates that approximately 25 hours, the amount of training 
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given each subject, would be necessary to develop this func­
tion to near its ultimate capacity. 
A number of tests were included in Low's training program 
to investigate the extent to which the improved visual acuity 
would transfer to other situations involving peripheral 
stimulation. Successful transfer was observed in tasks in­
volving unfamiliar test objects, areas of the retina not 
practiced during training, and night visual acuity. 
Renshaw (1945) employed tachistoscopic training to 
increase the amount of peripheral information available to 
subjects. His procedure involved enlarging the visual form 
field of subjects. He defined the visual form field as the 
area of the retina in which an individual is able to dis­
tinguish shapes. Although Renshaw gives few details con­
cerning the training procedure, it appears that it involved 
the tachistoscopic presentation of stimuli on the horizontal 
retinal meridian. A perimeter was used in the measurement of 
the visual form field. Numbers, letters, and geometric forms 
were used as test objects. The procedure consisted of setting 
the test object at 70 degrees from the center of the visual 
field and slowly moving it toward the center of the field. 
The subject identified the test object as soon as he could. 
Measurements were made on the nasal, temporal, superior, and 
inferior meridians as well as on points in between these. The 
visual form field of 30 subjects was measured before and after 
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training. It was found that the tachistoscopic training 
produced an increase in the size of the visual form field in 
both the horizontal and vertical directions. It was estimated 
that with this increase, the field was from four to six times 
larger than prior to training. 
An experiment by Saugstad and Lie (1964) was designed 
in investigate whether test exposure duration and size of 
test objects are critical factors for obtaining a training 
effect in peripheral acuity. Eight subjects were given a 
test, a series of training sessions, and then a retest. The 
test objects were nine Landolt rings which were presented on 
the horizontal meridian 55 degrees to the side. This position 
was also used for training. The test objects were exposed for 
0.2 second after which the subject had to indicate the posi­
tion of the opening in the ring. After the test the subjects 
were divided into two groups and each given 13 training 
sessions spaced over five weeks. In both groups each subject 
was trained on a Landolt ring of only one size. The first 
group was trained on the ring to which they had responded 
correctly approximately 50% of the time in the test session. 
The second group was trained on the ring to which they had 
responded correctly approximately 90% of the time. It was 
found that while subjects in both groups showed improvement 
during the training sessions, only subjects in the first group 
showed a significant improvement in number of correct responses 
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in the test-retest situation. All subjects in the second 
group appeared to perform worse on the retest than on the 
test. For two of these subjects this decrease in performance 
was statistically significant. 
The authors concluded that peripheral visual acuity can be 
improved under conditions of brief exposure, a result contrary 
to that of Low (1947), provided the subjects are trained with a 
test object which is difficult to discriminate. The explana­
tion given by the authors for this finding was that the 
subject/ while maintaining a constant central fixation, learns 
to shift his attention from the central part of the visual 
field to the periphery. According to the results, improvement 
in peripheral acuity is obtained only when the stimulus used 
in training is sufficiently small to be at the discrimination 
threshold. In such a situation, the subject is forced to con­
centrate on the peripheral stimulation more than if he is 
presented with an object which is easily discriminated. Thus, 
the training procedure used with the first group was considered 
to be a more effective method of directing attention to the 
periphery of the visual field than the procedure used with the 
second group. 
Another line of research which is relevant to the present 
discussion is that concerning the relationship of peripheral 
acuity and visual search performance. A study carried out by 
Johnston (1965) examined the relationship between the size of 
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the observer's visual field and time required to locate 
targets in a display. In this study Johnston used the size 
of the observer's visual field as an indication of the extent 
of his peripheral acuity. The size of each subject's field 
was determined by finding the threshold point of the right eye 
on the nasal, temporal, superior, and inferior meridians. 
Threshold was defined as that point where the subject could 
correctly identify the position of the opening in six of the 
eight Landolt rings. These data were then used to compute the 
area within the subject's visual field. Following this, each 
subject searched a series of displays containing either rings 
or silhouettes of aircraft and vehicles. The results indi­
cated that subjects with large visual fields could locate 
target objects more rapidly than subjects with small fields. 
The difference in search times between subjects with large 
visual fields and those with either medium or small visual 
fields was significant- There was no difference between sub­
jects with medium and small visual fields. It was concluded 
that subjects with visual fields in the range of 1190 to 2080 
degrees square or larger have more efficient search per­
formance than subjects with smaller visual fields in the range 
of 638 to 1173 degrees square. 
Another study which investigated the relationship be­
tween peripheral visual acuity and time required to locate 
an object was carried out by Erickson (1954). This study 
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consisted of six consecutive sessions given once a week. Each 
session was used to measure the subject's peripheral acuity. 
Each subject had to indicate the position of the opening in a 
Landolt ring which was presented at either 3.6 degrees, 4.8 
degrees, or 6.0 degrees from the center of the visual field. 
Each ring was presented for 1.5 seconds under photopic illu­
mination. Forty rings were presented in each session. The 
second part of each session was used to obtain search time 
data. The search displays contained either 16, 32, or 48 rings 
or irregular shapes. The subject's task was to locate a 
critical target in each display. The results indicated that 
peripheral acuity measured at 3.6 degrees and 4.8 degrees from 
the center of the visual field, correlated significantly with 
the time required to locate a target in displays containing 
16 or 32 rings or irregular shapes. Most of the correlations 
involving search times in displays of 48 objects or acuity 
measurements made at 6.0 degrees were not significant. It 
was noted that some improvement in peripheral acuity occurred 
during the test sessions. 
A further review of the literature indicated that 
numerous techniques have been employed in an effort to improve 
the efficiency of visual search. However, no research has 
been reported which attempted to improve search performance by 
increasing the information processing capacity of the periph­
eral retina. Much of the research regarding visual search 
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has been primarily concerned with search performance in 
military situations. The improvement of photo interpreter 
and radar operator performance has received considerable 
attention. The emphasis, it appears, has been mainly upon 
improving some aspect of the search display. For example, one 
technique used to improve search performance is color-coding 
of display symbols (Green & Anderson, 1955; Shontz, Trumm & 
Williams, 1971; Smith, 1962), Another method of modifying 
visual search is the placement of additional lines or markers 
on the face of the display (Baker, 1958). Location of 
targets near the edge of a display was improved by modifying 
the display so the maximum range appeared nearer to the center 
(Baker & Boyes, 1959). Enoch (1959) demonstrated that the 
size of the display was an important factor in search 
performance, while much emphasis has been placed upon the 
characteristics of the display itself, less attention has 
been given to improving the operator's search ability. A 
study to evaluate the effectiveness of an automatic scanning 
device in producing uniform search coverage was done by Lovie 
and Lovie (1968). Their subjects were instructed to use a 
systematic horizontal search pattern. Ellis (1968) encouraged 
operators to search a display systematically by dividing the 
display into a number of horizontal bands one inch wide. 
Gottsdanker (1960) investigated the relationship between the 
effectiveness of different search strategies and the nature of 
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the search situation. While these examples are by no means a 
review of all the efforts which have been made to improve 
search performance, they do serve to describe the general 
approach of much of the research. The failure of this re­
search to make use of the potential for information processing 
in the peripheral retina is apparent. The present research 
was designed to investigate the effectiveness of peripheral 
vision training and the extent to which such training would 
result in improved visual search performance. This study con­
sisted of three phases: 1) a pretest search task; 2) a 
peripheral vision training phase; and 3) a posttest search 
task. It was expected that the peripheral training would 
lead to an increase in the amount of peripheral information 
available to the subject. As a result, search time, or the 
time required to locate a specific object, would decrease. 
This study also investigated the extent to which simi­
larity between the peripheral vision training task and the 
search task facilitates performance on the latter. A great 
deal of psychological research indicates that similarity be­
tween training and the task to be performed is an important 
factor influencing the effectiveness of training. The 
present study investigated the extent to which this 
generalization applies to the training of peripheral vision 
and visual search. In addition to this, pilot work indicated 
that simply presenting stimuli in the periphery does not 
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necessarily result in more efficient use of peripheral in­
formation. The effects of two peripheral vision training 
procedures were therefore compared. One required subjects 
to identify objects in the periphery while the other required 
them to discriminate among several objects in the periphery. 
It was expected that the identification training would be more 
effective than the discrimination training if similarity be­
tween training and the search task to be performed is an im­
portant factor in this type of learning. 
The comparison of these two peripheral vision training 
procedures also provided an opportunity to address the issue 
of the relationship between the difficulty of the training 
task and its effectiveness. As mentioned earlier, Saugstad 
and Lie (1964) concluded that training will produce an im­
provement in peripheral acuity only when the training task is 
of a difficult nature. This suggests that the identification 
training should be more effective in improving peripheral 
acuity than the discrimination training. The reason for this 
is that the identification task should demand a higher degree 
of concentration on the peripheral area than the discrimina­
tion task. Goolkasian (1972), while demonstrating a 
peripheral training effect on a detection task, failed to 
find a relationship between the effectiveness of the training 
task and its difficulty. She found that significant 
improvement in detection occurred in groups trained on tasks 
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of varying difficulty. 
Another question of interest concerns the relative im­
provement in visual search resulting from peripheral training 
as compared to that resulting from repeated practice on the 
search task. During the training phase of the study one group 
of subjects simply received additional practice on the search 
task. This group spent the same amount of time on this task 
as the other groups spend on peripheral training. 
Williams (1966b) indicates that display density and type 
of stimuli may influence the relationship between peripheral 
vision and visual search performance. Hence, display density 
and type of stimuli were varied in the search task. Search 
displays consisted of either 8, 16, 32, or 64 color discs or 
geometrical shapes. Eight different colors or shapes were 
represented in each display. 
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METHOD 
This study tested four groups of ten subjects each. Two 
groups received training designed to increase the amount of 
peripheral information available to the subjects. Training 
for one group involved an identification task while training 
for the other group involved a discrimination task. A third 
group spent an equivalent amount of training time searching 
displays similar to those used in the pre- and posttests. The 
fourth group of subjects served as a control group and re­
ceived no training. 
Stimulus Materials 
Stimuli for the pre- and posttest search tasks were 35 
millimeter slides of search displays. Each display contained 
either 8, 16, 32, or 64 color discs or geometrical shapes. 
A constant illumination tachistoscope was used to rear-
project these slides on to a tinted glass screen located 415 
millimeters from the subject. The projected display subtended 
horizontal and vertical visual angles of 60 degrees. The 
illumination of the background of the search slides was 24 
ft - L and the illumination of the screen during the inter-
trial intervals was 28 ft - L. Both of these are in the 
photopic range. 
Each display contained eight different colors or shapes. 
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The niiinber of stimuli of each color or shape varied with the 
density of the display. In those displays having a density of 
eight stimuli, each color or shape was represented only once. 
Displays with a density of 64 stimuli contained eight stimuli 
of each color or shape. The colors used, selected from the 
Geller Artist Materials Color-aid Series, were as follows; 
tan (OYO-53); orange (0R0-T2); red (R-Sl); dark blue (BVB-Tl); 
light blue (BG-T4); dark green (G-Tl); light green (YGY); 
and black. The shapes used were pentagon, triangle, circle, 
cross, trapezoid, square, rectangle, and diamond. All stimulus 
elements subtended a one degree visual angle. Letraset 
transfer lettering was used to place an identifier on each 
stimulus element. Each color disc was identified by a 
different two letter combination and each geometrical shape 
was identified by a distinct two number combination. These 
identifiers subtended a vertical visual angle of approximately 
.66 degrees. 
The selection of stimulus colors was done empirically to 
insure that eight distinct colors were selected which could 
be reproduced accurately on color film. The specific colors 
used were not thought to be critical since comparison of 
individual colors was not a goal of this research. Shape 
stimuli were selected on the basis of similar reasoning. 
The dimensions of color and shape were selected on the 
basis of research by Williams (1966b). He found that when 
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subjects searched for an object of a specified characteristic, 
an average of 61% of the fixations fell on objects of the 
specified color; and average of 38% of the fixations fell on 
objects of the specified size; and an average of 25% of the 
fixations fell on objects of the specified shape. When the 
subject knew only the identification number of the target 
object, the proportion of fixations which fell on objects of 
each color, size, and shape was near the level of chance. 
Somewhat similar results were obtained by Lehtio (1970). He 
found that when subjects searched for a target, the search 
times were shortest when the color of the target was speci­
fied. About three times as much time was needed for the 
search when the target was defined by size or shape. On the 
basis of these findings, color and shape were selected for use 
in the present research as representing dimensions which 
apparently differ greatly in their peripheral discriminability. 
In order to obtain a somewhat uniform distribution of 
stimulus elements within each search display, the following 
procedure was followed. Each display was first divided into 
64 cells. In those displays having a density of 64 elements, 
one element was placed in each cell. Displays having a 
density of 32 elements had one element in every second cell. 
Stimulus elements in displays having densities of 16 and 8 
were distributed in a similar manner. The exact location of 
the stimulus element within each cell was determined by 
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dividing the cell into 25 smaller cells and randomly selecting 
one of these as the location of the stimulus element. The 
color or shape of each stimulus element was randomly selected 
with the restriction that an equal number of elements of 
each color or shape must appear in each quadrant of the 
display. 
The 96 pre- and posttest search trials were arranged in 
four blocks of 24 trials each. Displays in the first and 
fourth blocks contained color discs whereas displays in the 
remaining two blocks contained geometrical shapes. The loca­
tion of the target element to be found by the subject in each 
display was randomly selected with certain restrictions. 
Within the four blocks of search trials, the following 
restrictions applied: 1) Stimulus elements of each color and 
shape were used as targets in their respective blocks an 
equal number of times; 2) an equal number of targets ap­
peared in each quadrant of the display; 3) no more than two 
successive targets were of the same color or shape or in the 
same quadrant. In addition, each density level was represented 
an equal number of times within each block of 24 trials and no 
more than two successive displays were of the same density. 
No stimulus element was used as a target more than once during 
the pre- or posttest sessions. 
During discrimination training, 35 millimeter slides were 
also used as stimuli. Each slide contained four stimulus 
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elements. Three of these were of the same color or shape 
(similar elements) while the fourth was a different color or 
shape (distinctive element). The stimulus elements were 
located at angular displacements of 6, 10, 14, 18, 22, 26, or 
30 degrees from the center of the display and at radial 
positions of 1, 2, 4, 5, 7, 8, 10 or 11 o'clock. The 
stimulus elements in each slide all appeared at the same 
angular displacement. One stimulus element appeared at a 
randomly selected clock position in each quadrant of the 
display. 
The discrimination training slides were designed with 
the following restrictions: 
1) Each color was used to make up the similar elements 
of the displays and was paired once with every other 
color as the distinctive element. 
2) Each similar element color appeared once at each 
angular displacement. 
3) Each distinctive element color appeared no more than 
twice at each angular displacement. 
4) Within each similar element color, the distinctive 
element appeared at seven of the eight possible 
clock positions. 
5) All clock positions were used an equal number of times 
for similar element colors as well as for distinctive 
element colors. 
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The above restrictions also applied to the shape discrimination 
training stimuli. 
Stimulus slides for the identification training contained 
a single stimulus element, either a color disc or a geometrical 
shape. The stimulus or identification element appeared at any 
one of the angular displacements and clock positions used 
above. The following restrictions were imposed: 1) Each 
color appeared once at each angular displacement; 2) Each 
color appeared once at seven of the eight possible clock 
positions. The above restrictions also applied to the shape 
identification training stimuli. 
Both the discrimination and identification training slides 
were arranged in blocks of seven slides. In the discrimination 
training, the stimulus elements within each block consisted 
entirely of either colors or shapes. These blocks of slides 
were counterbalanced so that an equal number of slides 
containing color and shape stimuli occurred within the first 
and second training sessions, the third and fourth sessions, 
and the fifth and sixth sessions. Stimulus elements ap­
peared at successively greater angular displacements within 
each block. The elements in the first slide of each block 
appeared at 6 degrees and those in the seventh slide ap­
peared at 30 degrees. 
In the identification training, seven slides were 
randomly assigned to each block. The angular displacement of 
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the stimulus elements from the center of the display was 
also randomly arranged within each block of seven slides. 
This arrangement was used in order to provide a contrast with 
the systematic arrangement used in the discrimination train­
ing. The order in which the slides in the discrimination 
training were presented was used to encourage subjects to 
gradually direct their attention to larger portions of the 
display on successive trials. However, in the identification 
training, no such attempt was made. Subjects were required 
to attend to the entire display on each trial. The following 
restrictions applied to both the discrimination and identifi­
cation training slides. No more than two consecutive slides 
had the distinctive element or the identification element 
in the same clock position or quadrant. No more than two 
consecutive slides had the same similar elements, distinctive 
elements, or identification elements. 
In both the discrimination and identification conditions, 
the blocks of slides were presented in a different random order 
during each of the six training sessions. However, within 
each session the same order of presentation was used for all 
subjects. 
Stimulus slides for the practice search training were 
search displays similar, but not identical, to those used 
in the pre- and posttest search sessions. During each 
training session, the search trials were arranged in four 
26 
blocks of 16 trials each. Each block contained only color or 
shape displays. The order of these blocks was counterbalanced 
within each session. Restrictions similar to those imposed 
upon the pre- and posttest search stimuli were also applied 
here. A different set of target elements was selected for 
each training session. The training was carried out under 
conditions identical to those of the pre- and posttest 
sessions. 
Subjects 
A sample of 40 subjects was used. Subjects were under­
graduate psychology students at Iowa State University. They 
received financial compensation for participating in the 
experiment. All subjects were tested for visual acuity with 
a Bausch and Lomb Ortho-rater (Type 71-21-42) and for color 
vision with pseudo-isochromatic plates. Only subjects with 
20/20 uncorrected near vision and normal color vision were 
used. 
Procedure 
During the pretest search phase the subjects' task was to 
locate one target element in each of 96 search displays. 
Half of these displays were made up of color discs and the 
remaining half consisted of geometrical shapes. Subjects 
searched for an equal number of targets of each color and 
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each shape. Prior to each search trial, an instruction slide 
was presented specifying the target element to be located. 
The subject initiated the presentation of both the instruction 
slide and search display. After he located the target he re­
leased a switch which terminated the search display. Search 
time from the onset of the display presentation until the 
subject released the switch was recorded. Since unlimited 
viewing time of the search display was allowed, it was ex­
pected that the subject would always locate the target. There­
fore, search time rather than number correct was used as the 
dependent measure. In order to discourage the subject from 
arbitrarily terminating the search trial, he was required to 
indicate the quadrant of the display in which the target 
was located after each trial. 
During the discrimination and identification training 
phase, 168 training trials were administered to each subject 
during each of six training sessions. Successive training 
sessions were separated by a two day interval. Each train­
ing session lasted approximately 30-40 minutes. During the 
training trials the subject was asked to fixate a point in 
the center of the projection screen prior to the presentation 
of each training trial. During discrimination training, the 
subject was required to indicate the quadrant in which the one 
distinctive stimulus element, of the four elements presented, 
appeared. Those subjects receiving identification training 
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were required to identify the color or shape of the single 
stimulus element which appeared. Each training slide was 
presented for 75 msec. After each trial, the subject was 
informed if his response was correct. If it was not, he 
was informed of the correct response. 
Those subjects receiving practice search training 
participated in six sessions. During each session they 
searched 64 displays similar to those used in the pre- and 
posttest search phases. The procedures during training were 
also similar to those during the pre- and posttest phases. 
Successive training sessions were separated by a two day 
interval. Each session required approximately 30-40 minutes. 
The posttest search phase was identical to the pretest 
and was administered to all groups one or two days after 
the training phase had been completed. 
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RESULTS 
Pre-posttest Search Data 
The search times of the pretest and posttest were 
analyzed using an analysis of variance mixed design with one 
between-group variable and three within-group variables. 
Training condition was the between-group variable while pre-
posttest, stimulus type, and display density were the within-
group variables. Table 1 shows the analysis of variance 
source table. The means of the various treatment conditions 
are shown in Table 2. 
The analysis of variance indicates that there is a 
significant difference among the mean search times of the 
four training conditions. A Tukey HSD test for samples of 
unequal size shows that the difference between the means 
of the discrimination and identification conditions is 
significant, critical range (CR) (4,36) = .56, £ < .05. The 
difference between the means of the identification and 
practice search conditions is also significant, CR (4,36) = 
.70, p < .01. Table 2 shows that these differences reflect the 
fact that search times in the identification condition are 
relatively long compared to those in the other conditions. 
The analysis shows that the means of the pre-posttest 
search times are significantly different. As expected, the 
posttest search times are faster than the pretest search 
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times. See Table 2. The interaction between training 
condition and pre-posttest is also significant. Figure 1 shows 
that search times for the discrimination, identification, and 
practice search conditions decrease from pretest to posttest. 
The discrimination condition shows a decrease of .98 second 
while the identification and practice search conditions 
show decreases of .50 and .56 second, respectively. A Tukey 
HSD test indicates that only the change for the discrimination 
condition is significant, CR (8,36) = .70, £ < .01. The 
search performance of the control group does not change from 
pretest to posttest. 
The effect of display density upon search performance 
is significant. Search time increases with each increase in 
display density. The mean search time for each level of 
density is shown in Table 2. A Tukey HSD test indicates that 
differences among the search times for the four levels of 
density are all significant, CR, (4,108) = .42, p < .01. There 
is a significant interaction between training condition and 
display density. Figure 2 indicates that there is little 
difference in search times of the four training conditions 
when search displays contain eight stimulus elements. The 
search times of the training conditions also show little 
variation when displays contain 16 stimulus elements. How­
ever, when displays contain 32 or 64 elements, the search 
times of the identification and control conditions are slower 
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than those of the discrimination and practice search condi­
tions. 
The difference between the mean search times for the two 
types of stimuli is significant. Search times for color 
stimuli are faster than for shape stimuli. The means for 
these two conditions are shown in Table 2. The interaction 
between training condition and stimulus type is also sig­
nificant. The differences among the search times of the four 
training conditions are relatively small when color stimuli 
are present. When shape stimuli are present, search times 
of the identification and control conditions are consider­
ably longer than those of the discrimination and practice 
search conditions. See Figure 3. 
The interaction between pre-posttest and density level 
is significant. The difference between pretest and posttest 
search times becomes progressively larger with each increase 
in density level. Performance on the posttest shows more im­
provement for high levels of density than for low levels of 
density. See Figure 4. 
The three-way interaction of training condition X pre-
posttest X density level is significant. Figure 5 shows that 
search times are relatively constant in the four training 
conditions and from pretest to posttest when eight stimulus 
elements are present. A similar condition occurs when 16 
stimuli are present. However, when 32 or 64 stimuli are 
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present, the search time of the identification condition is 
longer than the search times of the other three conditions 
during the pretest. During the posttest when 32 or 64 
stimuli are present, search times of the identification and 
control conditions are longer than those of the discrimination 
and practice search conditions. 
The interaction between pre-posttest and stimulus type 
is not significant. Search times for both color and 
shape stimuli show a decrease from pretest to post-
test. Apparently improvement in pre-posttest search per­
formance is independent of the type of stimulus present. 
The interaction between density level and stimulus 
type is significant. Figure 6 shows that the difference 
between the search times for color and shape stimuli increases 
progressively as the level of density increases. While the 
difference between search times for color and shape stimuli 
is .58 second when eight stimuli are present, this difference 
increases to 4.89 seconds when 54 stimuli are present. 
The combination of high density and shape stimuli presents a 
more difficult search task than is presented by color stimuli 
at the same level of density. 
The three-way interaction of training condition X 
density level X stimulus type is significant. Figure 7 
indicates that when color stimuli are present there is little 
variation among the search times of the four training 
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conditions when either 8 or 16 stimuli are present. When 32 
or 64 color stimuli are present the search time of the 
identification condition is up to .54 second longer than 
the search times of the other three conditions. When 
shape stimuli are present there are slight variations in 
the search times of the various training conditions for both 
8 and 16 stimuli. These variations become large when 32 
and 64 stimuli are present. Under these conditions, the 
search time of the identification condition is.up to 3.19 
seconds longer than those of the other conditions. 
Training Phase Data 
Data were obtained from the discrimination, identifi­
cation, and practice search groups during the training phase 
of the study. The training phase occurred between the 
pretest and posttest. These data were analyzed to determine 
if performance changed during training. A detailed descrip­
tion of these analyses and the results obtained is pre­
sented in the Appendix. Only the results concerning overall 
change in performance during the training phase are pre­
sented in this section. 
The search times obtained from the practice search 
group during the training phase indicate that there are no 
significant changes in search performance during the six 
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training sessions. Search time does not change from one 
training session to another. There is also no change in 
search performance from the beginning to the end of the entire 
training phase. It appears that search performance is not 
improved by extended practice on the search task. 
The data collected from the discrimination and identifi­
cation groups during the training phase show that the per­
formance of both groups improves from the beginning to the 
end of the training phase. Although the level of performance 
in the discrimination condition is higher than in the identi­
fication condition, the amount of change occurring in the 
performance of the two groups during training is not sig­
nificantly different. Both groups show about the same amount 
of improvement on their training task even though they 
initially started out at different levels of performance. 
Table 1. Analysis of variance source table of pre-posttest search times 
Source DF SS MS F 
Training Condition (A) 3 600.13 200.04 4.91** 
Subjects/A 36 1466.02 40.72 
Pre-posttest (C) 1 493.75 493.75 31.95*** 
A X C 3 236.19 78.73 5.10** 
Subjects X C/A 36 556.27 15.45 
Density (D) 3 25774.72 8591.57 546.89*** 
A X D 9 587.31 65. 26 4.15*** 
Subjects X D/A 108 1696.68 15.71 
Stimulus Type (F) 1 0403.70 8403.70 526.52*** 
A X F 3 339.48 113.16 7.09*** 
Subjects X F/A 36 574.59 15.96 
C X D 3 211.98 70.66 5.94** 
A X C X D 9 360.67 40.07 3.37** 
Subjects XC X D/A 108 1285.48 11.90 
C X F 1 4.50 4.50 .23 
A X C X F 3 120.31 40.10 2.08 
Subjects X C X F/A 36 695.40 19.32 
D X F 3 5580.66 1860.22 150.74*** 
A X D X F 9 331.98 36.89 2.99** 
Subjects X D X F/A 108 1332.79 12.34 
C X D X F 3 2.31 .77 .07 
A X C X D X F 9 172.83 19.20 1.70 
Subjects X C X D X F/A 108 1220.64 11.30 
Residual 7035 83165.73 11.82 
Total 7674 135214.12 
* * 
Significant at .01 level. 
*** 
Significant at .001 level. 
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Table 2. Mean search times of pre-posttest treatment 
conditions 
Condition Mean (in sec) 
Training condition (A) 
Discrimination 3.24 
Identification 3.85 
Practice Search 3.12 
Control 3.47 
Pre-posttest (C) 
Pretest 3.67 
Posttest 3.17 
Density (D) 
8 stimuli 1.52 
16 stimuli 2.16 
32 stimuli 3.73 
64 stimuli 6.28 
Stimulus Type (F) 
Color stimuli 2.37 
Shape stimuli 4.47 
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DISCUSSION 
As anticipated the overall search performance of subjects 
improved from pretest to posttest. However, the question of 
primary concern is to what extent the various training condi­
tions decreased search time from pretest to posttest. 
The analysis of the training condition X pre-posttest 
interaction indicates that only the discrimination condition 
produces a significant decrease in search time from pretest 
to posttest. The changes occurring in the identification and 
practice search conditions, while apparently greater than 
that occurring in the control condition, are not significant. 
See Figure 1. 
Even though performance in both the discrimination 
and identification conditions shows improvement during 
the training phase, only the discrimination condition shows 
a significant improvement in performance on the pre-posttest 
search task. Thus, the prediction that the identification 
condition would result in more improvement in pre-posttest 
search performance is not supported. 
There were two reasons for originally making the above 
prediction. One of these was that the identification train­
ing would be more effective because the subject's task in 
this condition is more similar to the pre-posttest search 
task than is the task in the discrimination condition. It 
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was assumed that the higher the similarity between the train­
ing task and the pre-posttest search task the more transfer 
there would be from the training to the search task. The 
performance in the discrimination and identification condi­
tions does not support this hypothesis. In addition, the 
results obtained from the practice search condition also in­
dicate that this hypothesis is not valid. The subject's task 
during the training phase of the practice search condition 
was identical to the pre-posttest search task. However, the 
training administered in the practice search condition did 
not improve posttest search performance. Thus, the degree 
of similarity between the training task and search task does 
not appear to be a major factor in determining the effective­
ness of the training procedure. 
The second reason for predicting that the identification 
training would be more effective than the discrimination 
training has to do with the relative difficulty of the two 
training tasks. As previously indicated, research by Saugstad 
and Lie (1964) suggests that the training task must be of a 
difficult nature in order to produce a training effect. The 
results of the present study do not support this finding. 
The identification training, which involves the more diffi­
cult of the two tasks, does not produce a significant improve­
ment in performance on the pre-posttest search task. Sig­
nificant improvement does occur on the pre-posttest search 
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task in the discrimination condition which involves a less 
difficult task. The failure to find the predicted relation­
ship between training difficulty and effectiveness is con­
sistent with the results obtained by Goolkasian (1972). 
The fact that the discrimination training is more 
effective in reducing pre-posttest search time than the 
identification training may be due to other differences 
which exist between the two conditions. During the dis­
crimination training, stimuli were presented in a systematic 
fashion intended to encourage subjects to gradually direct 
their attention to larger portions of the display on 
successive trials. Within each block of seven training 
trials, the stimuli appeared at successively greater 
distances from the center of the display. The stimuli in 
each block of trials were also all of the same type, either 
color or shape. In contrast to this, the stimuli in each 
block of trials in the identification condition appeared at 
randomly selected distances from the center of the display. 
The subject was unable to anticipate the distance at which 
the stimulus would appear on each trial as he could in the 
discrimination condition. The type of stimulus, color or 
shape, was also randomly selected for each trial. It is 
suggested that the superiority of the discrimination training 
in reducing pre-posttest search time is due to the systematic 
manner in which the distance of the stimuli increased within 
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each block of training trials as well as to the use of the 
same type of stimuli within a trial block. 
A difficulty with the above explanation is that it does 
not explain why the discrimination training is more ef­
fective in reducing pre-posttest search time than the 
identification training even though subjects in both condi­
tions show improvement during the training phase. If the 
systematic presentation of stimuli is responsible for the 
greater effectiveness of the discrimination training in 
reducing pre-posttest search time, it seems that it would 
also result in a greater improvement during the training 
phase. This did not occur. Both the discrimination and 
identification conditions show improvement during the 
training phase. 
Another factor which may account for the superiority of 
the discrimination training over the identification training 
has to do with the nature of the pre-posttest search task. 
Typically an individual is searching for a target which 
possesses a specified characteristic. The search task may 
be viewed as consisting of two components. The first involves 
the discrimination of those objects having the specified 
characteristic from all other objects. Once this is ac­
complished, the individual must identify the target or 
determine which of the discriminated objects is the target. 
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The efficiency of an individual's search performance may be 
limited by how well he can perform the discrimination 
function. If he cannot discriminate those objects having the 
specified characteristic, then the efficiency of his search 
performance may be seriously limited. It is possible that 
the peripheral vision training administered in the discrimi­
nation condition enabled those subjects to perform the dis­
crimination component of the search task more efficiently 
than the subjects in the identification condition. This 
could account for the superiority of the discrimination 
training in reducing pre-posttest search time. 
The results show that there is no improvement in the 
pre-posttest search times of the practice search condition. 
The data obtained during the training phase also fail to 
show an improvement in search performance in this condition. 
The practice search training does not result in improvement 
in performance either within the six training sessions or 
over all the sessions combined. The failure of this condi­
tion to produce a significant change in pre-posttest search 
time indicates that merely practicing on the search task does 
not result in noticeable improvement in search performance 
as might be assumed. 
That search time increases as display density in­
creases is a familiar and expected finding. It is con­
sistent with research cited earlier (Williams, 1966b). 
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The training condition X density level interaction indi­
cates that there is little difference in the search per­
formance of the four training conditions when searching 
displays containing either 8 or 16 stimuli. See Figure 2. 
However, when searching displays containing 32 or 64 stimuli, 
the search time of the identification condition is longer 
that that of the discrimination or practice search condi­
tions. The relatively long search time of the identification 
condition does not appear to be attributable to the peripheral 
vision training which was presented to the subjects in this 
condition. An inspection of the training condition X pre-
posttest X density level interaction (see Figure 5) indicates 
that during the pretest, the search time for displays con­
taining 32 or 64 stimuli in the identification condition is 
noticeably slower than the search times in the discrimina­
tion and practice search conditions. It appears that the 
subjects in the identification condition experienced more 
difficulty with dense displays from the beginning than did 
subjects in the other two conditions. Since search per­
formance on dense displays in the identification condition 
was poorer than in the discrimination and practice search 
conditions during the pretest, it does not seem reasonable 
to attribute the long search times of the identification 
condition, evident in Figure 2, to the peripheral vision 
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training which was presented. 
Figure 2 also shows that the search time of the control 
group is longer than that of the discrimination and practice 
search conditions when 32 and 54 stimuli are present. An 
inspection of the training condition X pre-posttest X 
density level interaction (Figure 5) suggests that this 
is primarily due to the fact that the search time of the 
control group on these density levels does not show as much 
decrease from pretest to posttest as those of the discrimina­
tion and practice search conditions. Figure 5 shows that 
during the pretest the search times of the control group for 
32 and 64 stimuli are among the fastest, however, this 
group's search times on the posttest are among the slowest. 
It appears that the training presented in the discrimina­
tion and practice search conditions is effective in re­
ducing the posttest search times when 32 and 64 stimuli 
are present. This enables these groups to lower their 
search times below that of the control group which received 
no training. 
As expected, search time for color stimuli is faster 
than for shape stimuli. This finding is consistent with 
research cited earlier. Lehtio (1970) found that when the 
color of the target is specified search time is shorter than 
when its size or shape is specified. The finding of the 
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present study that search time for color stimuli is shorter 
than for shape stimuli is also consistent with the premise 
that colors are more easily discriminated in the visual 
periphery than are shapes. According to Williams' model of 
search behavior, the location of a subject's next fixation 
is determined by what he can discriminate in his visual 
periphery. If colors are more discriminable in the periphery 
than shapes, then the search path of the subject should be 
shorter and more direct when he is searching for a stimulus 
of a specified color than when searching for a stimulus of a 
specified shape. This would account for the faster search 
time for colors than for shapes as obtained in the present 
study. 
Even though the search times for color and shape stimuli 
differ significantly, the nonsignificant pre-posttest X 
stimulus type interaction indicates that the search 
times for both types of stimuli show a decrease from 
pretest to posttest. When performance is averaged 
across the four training conditions, improvement can be 
obtained when shape stimuli or color stimuli are 
present. 
An examination of the training condition X stimulus type 
interaction (Figure 3) reveals that there is not a great 
amount of variation among the search times of the four train­
ing conditions when color stimuli are present. When shape 
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stimuli are present, there is considerable variation. With 
shape stimuli the search times of the identification and 
control conditions are longer than those of the discrimi­
nation and practice search conditions. The explanation for 
this is similar to that presented for the training condi­
tion X density level interaction. The three-way inter­
action of training condition, pre-posttest, and stimulus type, 
although not significant, indicates that the identification 
group performed somewhat more poorly on shape stimuli during 
the pretest than the other groups. Thus, the poor per­
formance of the identification group on shape stimuli evi­
dent in Figure 3 cannot be attributed to the peripheral 
vision training which these subjects received. It seems that 
subjects in this group experienced more difficulty with shape 
stimuli from the beginning of the study than did subjects in 
the other groups. 
The three-way interaction mentioned above also shows 
that the performance of the control group on shape stimuli 
did not improve from pretest to posttest as did the per­
formance of the other groups. Rather, this group showed a 
slight decrement in performance from pretest to posttest. 
Thus, the control group's overall search time for shape 
stimuli, as reflected in Figure 3, is inferior to that of 
the discrimination and practice search groups. 
The pre-posttest X density level interaction (Figure 4) 
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indicates that improvement in search performance from pretest 
to posttest is greater for high density search displays than 
for low density displays. Apparently the difficulty of the 
pretest search task presented by displays containing eight 
stimulus elements is sufficiently low that little improve­
ment is possible. The mean search time for this condition 
is 1.60 seconds. On the other hand, pretest displays con­
taining 64 stimulus elements present a task of sufficient 
difficulty, with a mean search time of 6.78 seconds, that a 
considerable amount of improvement is possible on the post-
test. 
To summarize, this study shows that search time in a 
visual search task can be reduced by the appropriate type of 
peripheral vision training. This finding is consistent with 
the model of the visual search process advanced by Williams 
(1966a). In terms of this model, the peripheral vision 
training enables subjects to use more of the information 
available in the visual periphery. This allows them to detect 
the presence of a target stimulus in a larger portion of the 
search display with each eye fixation. Since a larger por­
tion of the display is viewed with each fixation, fewer 
fixations are required to locate the target. The result is a 
reduction in the amount of time needed to find the target. 
It appears that it is not necessary that the peripheral 
vision training task be of a difficult nature in order for 
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it to have an effect. Likewise, it is not necessary that the 
training task be highly similar to the pre-posttest search 
task in order for it to be effective. Contrary to pre­
dictions / the identification training was not found to be 
more effective than the discrimination training in reducing 
pre-posttest search time. Several differences between the 
training conditions were suggested which might account for 
this. 
This study also shows that extended practice on the 
search task does not reduce pre-posttest search time. 
Merely allowing subjects to practice on the search task does 
not result in improved search performance. A possible reason 
for this is that the subjects' task, which was the same 
during all phases of the study for subjects in the practice 
search condition, became monotonous. A lack of motivation 
on the part of these subjects may account for the ineffec­
tiveness of the extended practice -
The finding that search time increases as display density 
increases was anticipated. It was also expected that search 
time for color stimuli would be faster than for shape 
stimuli. An unexpected finding is that there is not a 
significant difference in the decrease in the pre-posttest 
search times for color and shape stimuli. Even though 
search time for color stimuli is faster than for shape 
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stimuli, the reduction in search time from pretest to post-
test is not significantly different for the two types of 
stimuli. It appears that search performance can be im­
proved with either type of stimulus. 
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APPENDIX 
Analysis and Discussion of Data Collected from 
Discrimination, Identification, and Practice 
Search Groups During Training Phase 
The data obtained from the discrimination, identification, 
and practice search groups during the training phase were 
analyzed to determine if any change in performance occurred 
during training. The data were first analyzed using re­
gression analysis. The resulting slope coefficients were 
then analyzed using analysis of variance (Grant, 1956). This 
method of analysis was used, rather than a trend analysis, 
because it was doubtful that several of the assumptions 
underlying the F test used in the trend analysis could be 
met. The F test is based upon the assumption that the 
variances within training trials are similar and that the 
covariances between trials are homogeneous. The assumption 
of homogeneous covariances implies that the correlations be­
tween trials are equal. However, Edwards (1967) indicates 
that frequently these assumptions are not met in a repeated 
measures design such as that used during the training phase 
of this study. If these assumptions are violated, the F 
obtained in the usual trend analysis is not distributed as it 
should be, but instead is distributed as F would be if the 
degrees of freedom were reduced by some factor. In order 
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to avoid the consequences of violating the assumptions of the 
F test, a regression analysis was used. 
Practice search condition results 
Regression analyses were computed on the search time 
data of each subject in each of the six training sessions in 
the practice search condition. This was done to determine if 
any change in performance occurred during the training phase 
of this condition- Within each training session, the search 
times of each subject were regressed against an x-matrix 
(Anderson & Houseman, 1963; Overall & Klett, 1972). 
The first column of the matrix represents the linear 
trend and the second column represents the quadratic trend. 
The third column contrasts the trials in the first half of a 
session with those in the second half. The fourth, fifth, and 
sixth columns represent the linear component of density, the 
quadratic component of density, and the cubic component of 
density, respectively. Column seven contrasts the two types 
of stimuli, color and shape. Columns eight, nine, and ten 
represent the interaction between the linear component of the 
trend and the linear, quadratic, and cubic components of 
density, respectively. The interaction between the quadratic 
component of the trend and the linear, quadratic, and cubic 
components of density are represented by columns eleven, 
twelve, and thirteen, respectively. Column fourteen represents 
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the interaction between the linear trend and stimulus type 
while column fifteen represents the interaction between the 
quadratic trend and stimulus type. Columns sixteen, seventeen, 
and eighteen represent the interaction between stimulus type 
and the linear, quadratic, and cubic components of density, 
respectively. 
The intercept and eighteen regression coefficients were 
computed for each of the 10 subjects in each of the six 
sessions. An analysis of variance was then performed on the 
intercepts and on each of the eighteen regression coefficients. 
Each of these analyses was based on 60 observations. See 
Table 3. 
The analysis of variance indicates that the differences 
among the search times for the six sessions, as represented 
by the intercept, are not significant. Differences among 
the search times of the 10 subjects, as represented by the 
intercept, are also nonsignificant. 
The analysis of the linear and quadratic components of 
the trend within each training session (XI, X2) show that 
these are not significantly different from session to 
session. This indicates that there are no significant 
differences in performance among the six sessions. 
A comparison of the search times for trials during the 
first half of each session with those during the second half 
of each session (X3) reveals no differences for sessions. 
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However, there is a significant difference among subjects. 
This indicates that differences in performance between the 
first and second half of a session vary from subject to 
subject. 
The linear component of density (X4) is significantly 
different for subjects as well as for sessions. The dif­
ference among subjects shows that the effect of the four 
levels of density upon the linear trend is not the same for 
all subjects. The average difference in search time between 
the successive levels of density varies from subject to sub­
ject. The session differences indicate that the slope of the 
linear trend changes over the six sessions as a function of 
density. The influence which the different levels of density 
have upon the linear trend varies from session to session. 
The average change in search time from one level of density 
to the next is not the same for all sessions. As density 
increases from one level to the next, search time increases 
an average of .63, .86, .82, .85, .80, and .70 seconds for the 
respective sessions. 
The difference in the search time for the two types of 
stimuli (X7) is not significantly different from one session 
to another. In other words, there is no interaction between 
stimulus type and session. 
The interaction between the linear component of the 
trend and the quadratic component of the trend as a function 
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of density (X9) is significantly different for the six 
sessions. The interaction between the linear component of 
the trend and the cubic component of the trend as a function 
of density (XlO) is also significantly different for the six 
sessions. The interaction between the quadratic component of 
the trend and the cubic component of density (X13) is sig­
nificantly different for the six sessions. These last three 
interactions are difficult to interpret and are not considered 
to be of major importance to the study. 
The interaction between the linear component of the trend 
and stimulus type (X14) is significantly different for the 
six sessions. This indicates that the slope of the linear 
trend for the two types of stimuli is not the same for all 
sessions. As examination of the slopes indicates that the 
changes from session to session are not of a systematic 
nature. 
Analyses were also done to determine the overall effects 
of the above variables when all six training sessions were 
combined. These overall effects were analyzed by computing 
F tests with 1 and 9 degrees of freedom for the grand mean 
of the intercept and each of the regression coefficients. 
The overall linear and quadratic trends (XI, X2) do not 
differ significantly from zero. This indicates that there 
are no significant changes in search time over the six 
sessions. 
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The linear component of density (X4) over all sessions 
is significant. This shows that, when all sessions are 
combined, the different levels of density produce significant­
ly different search times. On the average, the search time 
increases .77 seconds for each increase in density. 
The quadratic component of density (X5) over all sessions 
is also significant. This indicates that the trend over all 
sessions, as a function of density, departs from linearity. 
The quadratic component of the trend has the shape of a 
positively accelerated curve which indicates that the dif­
ference in search time between successive levels of density 
becomes progressively greater as density increases. 
Over all sessions, stimulus type (X7) has a significant 
effect. The average search time for shape stimuli is 1.38 
seconds longer than the average search time for color stimuli. 
The interaction between the linear component of density 
and stimulus type (X16) is significant when all sessions are 
combined. The average change in search time for each in­
crease in density is significantly different for the two types 
of stimuli. Increases in density have little effect upon 
search time when trials involve color stimuli. However, search 
time on trials involving shape stimuli is increased signifi­
cantly by increases in density. 
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Practice search condition discussion 
The training administered in the practice search condition 
did not result in any significant changes is performance. 
Search performance did not change either within any of the six 
training sessions or over all the sessions combined. Repeated 
practice on the search task is ineffective in decreasing 
search time. 
As would be expected, due to the similarity of the tasks 
involved/ several of the results obtained from the training 
phase of the practice search condition are in agreement with 
the pre-posttest search data. One such result is that the 
search times for the four levels of density differ signifi­
cantly during training. Search time increases with each 
increase in density. This increase in search time is greater 
for the high density levels than for the low density levels. 
The training data show that the effect of density upon search 
time is not constant from one training session to another. 
Increases in density result in greater increases in search 
time during the intermediate training sessions than during 
either the first or last training session. Comments made 
by some of the subjects suggest that a lapse in motivation 
may have occurred during the intermediate training sessions. 
This could account for the longer search times associated with 
increased density during these sessions. 
The data also indicate that search time for color stimuli 
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is faster than for shape stimuli during practice search 
training. The interaction between stimulus type and density 
level, which is present in the pre-posttest data, also 
occurs in the training phase. Increases in display density 
result in greater increases in search time when shape 
stimuli are present than when color stimuli are present. 
Discrimination and identification condition results 
The six training sessions in the discrimination and 
identification conditions were analyzed as three blocks of 
trials. Sessions one and two formed the first trial block, 
sessions three and four formed the second block, and the last 
two sessions made up the third block. This was done to 
achieve comparability of trials within each block. The 336 
trials in each block were then arranged into 112 groups of 3 
trials each. Each group contained trials with similar 
stimulus characteristics. These groups were then collapsed 
into 56 sets of 6 trials each. This latter step was taken 
to reduce the number of orthogonal polynomials needed in 
the analyses. Regression analyses were computed on the number 
of correct responses made by each subject in each of the three 
trial blocks. The number of correct responses in each block 
was regressed against an x-matrix. 
The first column of the matrix represents stimulus type. 
The second and third columns represent the linear and quadratic 
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Table 3. Summary table of analyses of variance of intercept and re­
gression coefficients for training phase of practice search 
condition 
Subject and Session Differences Overall 
Variable A 
B 
(Subjects) 
(Sessions) 
F(dF=9,45) 
P(dF=5,45) 
Effects 
F(dF=l,9) 
Intercept A 1.02 
B 1.86 94.84*** 
Linear (XI) A 1.92 
B 2.37 .00 
Quadratic (X2) A 0.84 
B 2.27 .11 
First and Second half of session (X3) A 2.14* 
B 1.43 .13 
Density Linear (X4) A 4.19*** 
B 2.53* 42.55*** 
Density Quadratic (X5) A 1.05 
B 1.36 11.93** 
Density Cubic (X6) A 0.68 
B 0.49 .36 
Stimulus Type (X7) A 0.42 
B 1.35 32.94*** 
Linear x Density Linear (X8) A 1.41 
B 2.32 .52 
Linear x Density Quadratic (X9) A 0.98 
B 2.91* .01 
Linear x Density Cubic (XlO) A 1.63 
B 2.75* .12 
Quadratic x Density Linear (Xll) A 0.74 
B 1.70 .42 
Quadratic x Density Quadratic (X12) A 0.39 
B 1.65 .50 
Quadratic x Density Cubic (X13) A 0.91 
B 3.18* .03 
Linear x Stimulus Type (X14) A 0.81 
B 4.47** .44 
Quadratic x Stimulus Type (X15) A 0.67 
B 1.96 .08 
Density Linear x Stimulus Type (X16) A 1.10 
B 1.10 9.10* 
Density Quadratic x Stimulus Type (X17) A 0.82 
B 1.75 2.26 
Density Cubic x Stimulus Type (X18) A 0.59 
B 2.01 .58 
Significant at .05 level. 
** 
' Significant at .01 level. 
Significant at .001 level. 
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components of distance, respectively. Column four contrasts 
the stimulus positions on the right side of the search dis­
play with those on the left side. Column five contrasts the 
positions on the top half of the display with those on the 
bottom half. Column six contrasts the positions in the upper 
right and lower left portions of the display with those in 
the lower right and upper left portions. The seventh and 
eighth columns represent the linear and quadratic components 
of stimulus order, respectively. Columns nine, ten, and 
eleven represent the interaction between the linear component 
of distance and columns four, five, and six respectively. 
Columns twelve, thirteen, and fourteen represent the inter­
action between the quadratic component of distance and 
columns four, five and six, respectively. 
The intercept and fourteen regression coefficients were 
computed for each of the subjects in each of the three trial 
blocks. An analysis of variance was then performed on the 
intercepts and on each of the fourteen regression coeffi­
cients. Each of these analyses was based on 60 observations. 
See Table 4. 
The analysis of variance indicates that the number of 
correct responses in the sets of six trials, as represented by 
the intercept, is significantly different for the two training 
conditions. Performance in the discrimination condition is 
superior to performance in the identification condition. The 
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intercept is significantly different for the subjects as 
well as for trial blocks. The significant difference for 
trial blocks indicates that the intercept increases pro­
gressively from the first to the third trial block. 
The interaction between stimulus type (XI) and training 
condition is significant. Color stimuli result in superior 
performance in the discrimination condition while shape 
stimuli produce slightly better performance in the identifi­
cation condition. The interaction between stimulus type and 
subjects is also significant. 
The interaction between the linear component of distance 
(X2) and training condition is significant. As the distance 
of the stimuli from the center of the display becomes 
greater, performance in the identification condition de­
creases more rapidly than does performance in the discrimina­
tion condition. The interaction between the linear component 
of distance and subjects is also significant. The three-way 
interaction between the linear component of distance, training 
condition, and trial block is significant. The effect of . 
distance upon performance is nearly constant in the three 
trial blocks in the discrimination condition. However, in 
the identification condition, increases in distance affect 
performance more adversely during the last two trial blocks 
than during the first trial block. 
The analysis of the interaction between the quadratic 
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component of distance (X3) and training condition produced a 
significant result. In the discrimination condition there is 
a gradual decrease in performance as the distance of the 
stimuli from the center of the display increases. In the 
identification condition, increases in distance result in a 
large decrease in performance initially. However, subsequent 
increases in distance do not result in significant decreases 
in performance. 
The interaction between stimulus position (right vs 
left) (X4) and training condition is significant. In the 
identification condition performance is better for stimuli 
located on the left side of the display than for those on the 
right side. This difference is not apparent in the discrimi­
nation condition. The interaction between position and sub­
jects is also significant. 
The interaction between stimulus position (top vs 
bottom) (X5) and training condition is significant. In the 
discrimination condition performance is slightly better for 
stimuli located in the top half of the display while in the 
identification condition performance on stimuli in the bottom 
half of the display is superior. The interactions between 
position and subjects and position and trial blocks are sig­
nificant. During the first two trial blocks performance is 
superior for stimuli in the bottom half of the display. 
During the third trial block performance is superior for 
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stimuli in the top half of the display. 
The interaction between stimulus position (diagonals) 
(X6) and training condition is significant. In both training 
conditions performance is better for stimuli in the upper 
left and lower right areas of the display than for stimuli 
in the upper right and lower left areas. This difference is 
more pronounced in the identification condition than in the-
discrimination condition. The interaction between position 
and subjects is also significant. 
The interaction between the linear component of stimulus 
order (X7) and training condition is significant. This indi­
cates that in the discrimination condition performance during 
the even numbered sessions is superior to performance during 
the odd numbered sessions. The reverse is true in the identi­
fication condition. The interaction between the linear 
component of stimulus order and subjects is also significant. 
The interaction between the quadratic component of stimulus 
order (X8) and training condition is significant. The in­
teraction of this quadratic component and subjects is also 
significant. The two variables involving stimulus order 
(X7, X8) are included in the analysis in order to remove any 
variability arising from the fact that the odd numbered 
sessions contained more trials using color stimuli than did 
the even numbered sessions and that the even numbered sessions 
contained more trials using shape stimuli than did the odd 
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numbered sessions. 
The remaining three-way interactions in Table 4 are 
included in the analysis in order to account for what would 
have otherwise been unaccounted for variability. The in­
terpretation of these interactions is not straightforward and 
is not considered to be of major importance to the study. 
The overall effects of the above variables, when all six 
training sessions were combined, were analyzed by computing 
F tests with 1 and 19 degrees of freedom for the grand mean 
of the intercept and each of the regression coefficients. 
The overall effect of stimulus type (XI) is significant. 
The mean number of correct responses is greater for color 
stimuli than for shape stimuli. The overall linear component 
of distance (X2) is significant. This indicates that the 
number of correct responses decreases as the distance of the 
stimuli from the center of the display becomes greater. 
The overall quadratic component of distance (X3) is also 
significant. This shows that the decrease in performance 
is more rapid with the initial increases in distance of the 
stimuli than it is with subsequent increases. 
Discrimination and identification condition discussion 
The difference in the intercepts of the discrimination 
and identification conditions reflects the fact that the task 
required of the subjects in the discrimination condition was 
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easier than that required in the identification condition. 
The difference in the intercepts of the three trial blocks 
indicates that the initial performance of subjects within 
each trial block increases from one block to the next. The 
mean intercepts of the three trial blocks are 2.33, 2.49, and 
2.58 respectively. The absence of a training condition X 
trial block interaction shows that the change in performance 
from one trial block to another is not significantly different 
for the two training conditions. 
The finding that performance in the discrimination and 
identification training phase is better for color stimuli 
than for shape stimuli is consistent with results obtained in 
the analyses of the pre-posttest search data and practice 
search data. The interaction between stimulus type and train­
ing condition reveals that when several stimuli are presented 
simultaneously, color stimuli are much easier to discriminate 
from one another than shape stimuli. An unexpected finding 
is that when individual stimuli are presented, shape stimuli 
are slightly easier to identify than color stimuli. This 
may be due to the fact that while color and shape stimuli are 
perceived equally well, the labeling or naming of the colors 
is not as accurate as with shape stimuli. Each shape is 
unambiguously associated with a particular name or label. 
However, the colors, while distinct from one another when 
presented together, cannot be clearly associated with a 
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specific label or name. This may account for the finding 
that shape stimuli are somewhat easier to identify than color 
stimuli. 
It was anticipated that performance in both the dis­
crimination and identification training conditions would 
decrease as the distance of the stimuli from the center of 
the display increased. The results show that increases in 
stimulus distance result in a greater deterioration in 
performance in the identification condition than in the 
discrimination condition. This is consistent with the find­
ing that the identification task is more difficult than the 
discrimination task. The identification task requires more 
information about the stimulus than does the discrimination 
task. The rate at which the quality of the information 
necessary for identification decreases in the visual periphery 
is apparently greater than the rate at which the quality of 
the information necessary for discrimination decreases. 
Consequently, increases in distance have a more detrimental 
effect upon performance in the identification condition than 
in the discrimination condition. 
The interaction between the linear component of distance, 
training condition, and trial block shows that, while the 
effect of distance upon performance in the discrimination 
condition was nearly constant for all trial blocks, the 
effect of distance was more pronounced during the last two 
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trial blocks in the identification condition than it was in 
the first trial block. A possible explanation for this is 
that, due to the difficulty of identifying distant stimuli, 
subjects may have become discouraged during the last two 
trial blocks and did not exhibit as much effort on distant 
stimuli as during the first trial block. Thus, performance 
was more adversely affected by distance during these trial 
blocks. 
The significance of the overall quadratic component of 
distance can be attributed largely to the fact that per­
formance in the identification condition decreases rapidly 
with initial increases in stimulus distance and then shows 
little change with subsequent increases in distance. This is 
in agreement with what was discussed earlier regarding the 
rate at which the quality of peripheral information decreases 
in the identification condition. It appears that the quality 
of the peripheral information is seriously affected by initial 
increases in distance. This produces a rapid initial drop 
in performance. However, once performance deteriorates to 
a certain level, it is influenced little by further increases 
in distance. In contrast to this, the discrimination condition 
shows a gradual decrease in performance with increases in 
stimulus distance. 
The finding that performance in the identification 
condition is better for stimuli located on the left side of the 
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display than on the right side may be related to the subjects' 
reading habits. Even though subjects were instructed to look 
at the center of the display before each trial was presented, 
the practice of reading from left to right across a page may 
have enabled them to attend more closely to the left side of 
the display than to the right side. This would allow them 
to identify more stimuli on the left side of the display. 
In the discrimination condition, performance is not superior on 
the left side. Four stimuli were presented on each trial in 
this condition rather than one- In this situation the sub­
ject must attend to the entire display in order to determine 
which of the four stimuli is different from the others. Thus, 
increased attention to the left side would not result in as 
large an improvement in performance on this task as on the 
identification task. 
The factors responsible for the interactions between 
stimulus position (top vs bottom) and training condition, 
stimulus position (top vs bottom) and trial block, and 
stimulus position (diagonals) and training condition are not 
apparent. The primary reason for including these two position 
variables in the analysis was to account for what would have 
otherwise been unaccounted for variability in the data. 
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Table 4. Summary table of analyses of variance of intercept and re­
gression coefficients 
A (Training F{df:= 1,36) 
Variable B 
Condition) 
(Subject) F(df = 18,36) Overall 
Effects 
F(df = 1,19) C 
AC 
(Trial Block) 
(Interaction) 
F(df = 2,36) 
F(df = 2,36) 
Intercept A 
B 
C 
AC 
362.29*** 
.3.00** 
3.28* 
. 66 
431.08*** 
Stimulus Type (XI) A 
B 
C 
AC 
238.29*** 
3.21** 
.22 
.65 
10.99** 
Distance Linear (X2) A 
B 
C 
AC 
150.92*** 
4.77*** 
2.88 
15.90*** 
270.60*** 
Distance Quadratic (X3) A 
B 
C 
AC 
29.80*** 
1.26 
1.96 
1.56 
52.31*** 
Position (Right vs Left) (X4) A 
B 
C 
AC 
7.23* 
3.82*** 
.08 
.77 
2.24 
Position (Top vs Bottom) (X5) A 
B 
C 
AC 
93.51*** 
5.02*** 
4.33* 
.16 
.09 
* 
Significant at .05 level. 
** 
Significant at .01 level. 
***  
Significant at .001 level. 
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Table 4 (Continued) 
A (Training F(df = 1,36) 
Condition) Overall 
Variable B (Subject) F(<3f = 18,36) Effects 
C (Trial Block) F(df = 2,36) F(df = 1,19) 
AC (Interaction) F(df = 2,36) 
Position (Diagonals) (X6) A 
B 
C 
AC 
4.91* 
3.59** 
2.53 
.80 
2.37 
Stimulus Order Linear (X7) A 
B 
C 
AC 
9.23** 
2.43* 
1.36 
2.93 
.05 
Stimulus Order Quadratic (X8) A 
B 
C 
AC 
7.02* 
3.01** 
1.15 
1.15 
.16 
Distance Linear x Position 
(Right vs Left) (X9) 
A 
B 
C 
AC 
14.63*** 
2.67** 
5.24* 
1.52 
. 00  
Distance Linear x Position 
(Top vs Bottom) (XIO) 
A 
B 
C 
AC 
3.77 
2.22* 
.03 
,24 
3.41 
Distance Linear x Position 
(Diagonals) (Xll) 
A 
B 
C 
AC 
35.90*** 
3.36** 
.55 
1.59 
.93 
Distance Quadratic x Position 
(Right vs Left) (X12) 
A 
B 
C 
AC 
42.30*** 
.93 
.19 
3.36* 
1.43 
Distance Quadratic x Position 
(Top vs Bottom) (X13) 
A 
B 
C 
AC 
.97 
2.91** 
2.89 
.28 
.22 
80 
Table 4 (Continued) 
A (Training F(df = 1,36) 
Condition) Overall 
Variable B (Subject) F(df = 18,36) Effects 
C (Trial Block) F(df - 2,36) F(df = 1,19) 
AC (Interaction) F(df = 2,36) 
Distance Quadratic X Position A .31 5.03* 
(Diagonals) (X14) B 1.10 
C 2.79 
AC .83 
